Application of the barium fluoride (BaFz) scintillator for characterization of intense radiation fields has been pursued since the fast component (0.8 ns decay time constant) was discovered in the early 1980's. Unfortunately, ' 8 0 % of the scintillator emissions have a slow '600 ns decay time constant. The long decay time hampers the use of BaF2 at high count rates because the slow emissions appear as afterglow which have an intensity that varies with the interaction rate in the crystal. Examination of the temporal separation of BaF2 emissions by spectral separation using wavelength shifting techniques will be presented.
I. INTRODUCTION
Three wavelength shifting (WLS) techniques will be presented: orthogonal geometry (see figure 1) and two inline techniques (see figure 2) . The in-line techniques WLS 1 ; . ; ; 7 The properties of a typical compound that can be used for the orthogonal geometry technique are illustrated with 2,2" dimethyl-p-terphenyl (BMT). Figure 3 displays the molar extinction coefficient and fluorescence emission spectrum of BMT. Other important properties of BMT are the fluorescence quantum efficiency, Qf, = 0.58 and the fluorescence decay time, 7, = 1.09 ns [I] . Because the emissions of the solute are at the same wavelengths as the BaF2, the discrimination between the BaF2 slow component and the wavelength shifted component must be performed geometrically. The WLS component of the emissions will be isotropic so measurements made perpendicular to the direction of the combined components will consist primarily of the WLS emissions (see figure 1 ). Since only a small portion of the total WLS emissions are measured, the orthogonal geometry technique is considered too inefficient for our application [2] . Measured molar extinction coefficient and fluorescence emission spectrum of perylene.
Glass
Perylene illustrates a typical solute compound that can be used for the in-line solute excitation technique. Figure 4 displays the measured molar extinction coefficient and fluorescence emission spectrum of perylene. Other important properties of perylene are Qf = 0.53 and 7 = 6.0 ns [3]. The solute was chosen to preferentially absorb the fast BaF2 emissions and shift it to a wavelength that is longer than the BaF2 slow emissions. Introducing a longpass filter between the BaF2/WLS and the photomultiplier tube (PMT) (see figure 2) allows primarily the WLS emissions to be detected by the PMT. Proper choice of the WLS concentration is imperative. High concentrations of solute will result in both fast and slow emissions being shfted with equal efficiency and hence no enhanced separation. Low concentrations of solute results in low absorption probability for the fast BaF2 emissions but a higher degree of spectral separation. R(X) is the ratio of fast to slow emissions as determined by the molar extinction coefficient of the compound. R(X) is used as a figure of ''-6 x (M-cm) 1 o4
1 o -~ Figure 5 . R(X), and the probability of absorption plotted as a function of the wavelength stufter thickness.
merit in the in-line techniques as a means of assessing the ability of a compound to spectrally separate the emissions. Figure 5 shows the trade-off between spectral separation and the fraction of the fast component that is absorbed. The data shown in figure 5 was determined with perylene. Although there is significant variability in the degree of spectral separation, the low efficiency that results at high degrees of spectral separation and the difficulty associated with determining the best compound resulted in an investigation of a third technique.
The in-line solvent excitation technique combines the best features of the other two techmques. In the in-line solvent excitation technique, the solvent is excited into a tugher singlet state by absorption of the BaF2 emissions.
(In the previous two techniques the solvent was chosen to have minimal effect on the BaF2 emissions). If the concentration of the solute is high (e. g. > 1 g/l) then the energy of the excited solvent molecule can be efficiently transferred to the solute. The excited solute compound can then fluoresce at its characteristic wavelength. The result is a solution that will absorb primarily the fast emissions and fluoresce at wavelengths that are longer than the BaF2 slow emissions. Figure 6 illustrates a solution of 9,lO diphenyl anthracene(DPA) and toluene used for the in-line solvent excitation technique. The energy transfer efficiency is assumed to be 100 96, where as the quantum efficiency of the DPA was measured to be 0.76 [4] . The fluorescence decay time for DPA was measured to be 7.1 11s [4] . Theoretically, the in-line solvent excitation technique offers the greatest potential for high efficiency spectral separation because. of the absorption properties of aromatic compounds that compose the WLS. But experimentally it was found only to be comparable to the in-line solute excitation technique. 
